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i. The EOLE program is an experiment in global meteofology based on the use
..of a satellite and a large number of au#omatic meteorological stations carried
fby balloons to a constant altitude in order to observe the general evolution

-of the troposphere.

The satellite, adapted for the two principal functions of localization and
_data collection, follows the movement of the balloons in the Southern
--Hemisphere, collects and relays the measurements made by the balloons to the

ground.

Actually the EOLE experlment 1s not related solely to meteorology. The
i -system which it uses is open to a large number of appl1cat10ns based on one or

“‘even on both functions of the satellite: loca11zat10n and data collection.

It is in this spirit that agreemenf was reached to take advantage of the

-availability of EOLE after the gradual disappearance)of the balloons to carry

“our various experiments of a scientific and technical nature in order to study

~the prospects offered by a system of localization and information collection.

Consequently .: this concerns exploratory experiments aimed at two

1
|

b

!

| ‘objectives: ;
; --To arouse the interest of potent1a1 users by showing them the possibil-

i .ities of the EOLE system,

-
\

i

--To orient future systems which the CNES (National Space Study Center)

“may conceive, according to need. ‘
!
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. ABSTRACT: The EOLE Program’is: an! experimental program to

L. l{determine the effectiveness of satellite monitoring of ‘

- ' ‘'drifting buoys and balloons in the Southern Hemisphere.
This paper summarizes the results of the program thus far

- and considers the future need and demand for this type of

{“ service in determining the position of ships and in col-

fu lecting and transmitting datalof hydrological, oceanographic

}~ and meteorological interest. ‘

h: | ﬂ

I. Summary of Operations . ; _

!
l

, a. The Satellite - Cover Fayz Source ;
L !

[ Launched on 16 August 1971 by an American Scout rocket from the NASA base
fwon Wallops Island, the EOLE satellite was placed in orbit, 903 km at apogee, f

f 680 km at.perigee, inclined 50° to the Equator w%fh a period of 100 minutes.
el

Stabilization of this satellite iniits orbit was achleved on 19 and 20 !

e e 4 ot = r———— —

August 1971. This delicate operation, tested with the PEOLE satellite, re-

—quires the remote controlled extension of a mast 10 m long.

N . . . ’
_i.,e., with its antenna aimed at the Earth.

b.  The Balloomns l ' |

- Seven fixed instrument packages lo?ated at Bretigny, Kourou;fLago—Fagnano,
. . . i

I ‘Nouméa, Tah1t1 Pretoria and Ouagadougou were interrogated first by the satel- |

{;lite. The purpose of this operation was to check out the satellite-balloon

"liaison system.
[ .

B

: ;
f‘ Balloon launching began on 21 Auguét 1971 from the three stations at :
3 Mendoza, Neuquen and Lago-Fagnano, located in southern Argentina, and continued
1 ¢

i unt11 29 November. i

i

_*Numbers in the margin indicate pagination in the foreign text.

e
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Since then, EOLE has been in an idéal position to carry out the experiment,
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.'r1se to very frequent icing and turbulence from Nevember to March, phenomena

L.

- S parate _groups of balleons, the first near Afrlca and the second in the ‘

- | T
ustrallan zone. The figure of 72 ballekns announced after thlS o J

On 11 September a remote control exror caused the destruction of two

r,;

accident represented a total approxrmation'Tltle

——

Actually it was found later that the satellite could contact balloons

T

:§ituated beyond its visibility zone, which raised to 89 the total number of

balloons receiving the destruction order,

“cal conditions:
— Mendoza, 8 October,

Neuquen, 9 November,

1
!

Lago-Fagnano, 10 December.. Pa%e Source

At the flight altitude of the balloons the eit’masses which circulate are |

actually in a |temperate or tropical regime. Quite often the latter case gives

T T

Twhich considerably—reduce -the-service—life-of-the B%ihoonsa——

.
. Thus, 1n the case of EOLE the influence of the launching latltude could be
l.checked statistically. The first resultL show that during the first month of !
rflight balloon losses were established at:

Lago-Fagnano (55° S), 5%

T

Neuquen (39° S),  10%
- Mendoza (33° S), 25%, this) latitude being more subject to tropical
disturbances.

™~ c¢. Technical and Statistical Results|of Balloon Launchings

a.  Situation on 8 February 1972.

On 8 February 1972 the situation was as follows:

Total number of balloons launched: 479

b
. Dead balloons 312
{: Active balloons 130
%E ' Doubtful balloons . NAdA 37
I 4

Even Roman 2cd

- The stations ceased their activity in sequence, depending upon meteorologi- -
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__ The doubtful balloons are those frqm which no more information is be1ng {

rece1ved but - there is an obllgatory wa1t1ng perlod of ‘one month before

-~y T T
declarlng them out of service. ;J i !
... Accorging to the evaluatioﬁSnaf-Iaq@afytdnd February, the-mean logs is

'from 1.2 tg 1.3 balloons per day. This |allows a prediction of about 50 balloons

~active by m1d-May o l

-

b. StationActivity
From 21 August to 10 December11971 476 balloons were launched by the J

group of three Argentlne statlons, representlng an average of five 77/
ba}loens per day. ‘i -E
- ‘

Mendoza: This station was opéned for forty-nine days (21 August to
¥ !

_8 October), During this perlodCtQ%”sggﬁrgqxﬁgd to interrupt launchings on
“twenty-one days for meteorological reasons,

The Mendoza station launched a total of 100 balloons, or an average of two

alloons per day.
[

Netquén: Opened for eighfy-oné_aays (2T Augustto 9 November); the

tation was inactive for a period of twenty-seven| days. Neuquen carried out

i

!
202 balloon launchings, representing an average of two balloons per day.

Tl T o7 T

t

Lago-Fagnano: From 21 August to 10 December the station was opera-

o

]

tional for a period of 102 days. Since ithe meteorological conditions were more ,
:Lnfavorable, the station was closed for sixty days. Lago-Fagnano launched a

~total of 174 balloons or an average of 1.7 balloons per day.

T~ c. Balloon Seeding
™ . The period included between 6 November and 2 December is the one in
W

hich the greatest number of active balloons were recorded, an average of 250.

I

|
The maximum was reached on 13 November with 280 balloons in flight.

s

S

Despite the accident of 11 September, the success of the experiment was

-assured since it was necessary to reach a number of 250 balloons in flight at

 the same time. ’ i
_ NASA

o

L ] 3
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T f. _Satellite-Balloon Liaison -

The feeofd balloon laenching for‘the three stéfioﬁs was achieved on 27

.t.,\k,nA <

The Mendoza station carried out elght balloon launchings on 20 September.

} August and 31 October with thirteen balloons launched.
[
L
L

. This flgure represents the maximum. launchlngs «carried out by one statlon in a |

i 51ng1e day
1 !
” d. Service Life of the Balloons

; The mean service life of the balloons in flight is three months.

Two balloons launchéed on 26 August from the Neuquen station were still

'.active on 1 February, representing 164 days of operation,

)

- e. Death of the Balloons

‘

. Of the known causes of balloon disappearance the most frequent is
LOovaT Iz iz WOl TLs

'“the phenomenon of icing. However, nearly half of the balloons disappeared

w1thout the actual cause being determinable. There were very few cases of

‘power breakdown. : :

. «
! '
|

- For five months localization operated with no degradation of measure-

;_ment quality. The system allowed the interrogation and localization of up to
- 300 balloons per day, each balloon beiné contacted two or three times per orbit

‘and this included up to seven.orbits 1n a Tow at high altitudes (50° - 60° S).

|
Each day more than 2,000-1nterrogat10ns were broadcast by the satellite

1
4
[
|

!wand the results were put into a bank containing between 200,000 and 300,000

|_measurement points,

__II. Data Processing |

The Operations and Mathematics Divisions of the Space Center of Bretigny
~handled the entire processing of telemetry measurements coming from the net-

work stations and the programming of the EOLE satellite.

These operations, carried out twenty-four hours a day, are summarized in



- STATION JCTIVITY
S L. Pagq (Pays' iof eOperation - Number of
5[ l balloonsj
- : _ Open Closed 1aunched|
L. ] COVE Fage 11C]€
L lMendoza I
- . 21 August/8 October 4? 21 100
10'_ . Neuguen
L 21 August/3 November 81 27 202
- Lago-Fagnano . oy
s E_ : 21 August/10 December | 102 | 60 174
~ , : i i
i Total - . 232 108 476
= N . ! . + 3 pre-series
g - R I - ey | -:‘ji';:‘,f"v-f‘ 1 o ) N : 7

a. Data Acquisition

L The crude telemetry data obtained at the statlon level are transmitted
’1 --by telegraph line to the Bretigny Space Center. ‘The/flow of information

i arriving in a random fashion passes through a Thomson reception device (UBM)

[

~-and is conducted by an acquisition and sortlng program (AO1) to the storage
R

2 + disk of one or two CDC 1700 computers connected in parallel and rapidly inter-
}wchangeable in case of breakdown. ;
" l
- b. Processing of Telemetry Data

e |

j“fu All processing is carried out by the CDC 6600 computer linked by the

command of an operator to the output oflthe CDC 1700. The CDC 6600 guarantees
~the chaining of five programs (R.05, R. 02 R.13, R.16 and R.11). The data ;

-

G f are subject to a quality control R.03 wh1ch leads to data storage or to a

-request for message repetition,

- The information accepted as usable!is synchronized and separated (R.02).

e

35 Two files are then set up for scientific telemetry (19) and for service

Lutelemetry (13).




LtL/g0/1t
[ |

!

LE“ (O 12

.

1

setstt

ERUEVA RN

t .

.

\\
\

om’ .
d »b._‘e"’”:COP,Y:‘ P

'31?“
la

ce
A

Revprodu
best av

| SOUIT 3uexaAn)



N

—

— The data of file 19 are decommutatéd (R.13), while those of file 13 seed

:Ehe R.11 program for the purpose#%% teﬁQpHcah control of the satellite

-functions .

e

- The decommutation leads to Cthexrfdrmatilon:lof two catalogs: one (file 11)
“containinglall the buoys interrogated during the orbit under consideration,
.and the other (file 12) containing only ithe fixed compartments.

' \

- In addition a third file (2) is set; up. This one accumulates the total of

téll observations carried out from the belginning of the experiment.

File 11 feeds the R.16 program which allows the localization of the buoys.

-
-This program R.16 is also fed by file 15: summary of orbit parameters,

- On the ba51s of:
the time of 1nterrogat10n,

- ' the dlstance and relative balloon—sateillte veloc1ty, and -

the orbltal parameters, _j

it determines the position of the buoy by longltude and latitude at the time

“the-satellite- passes—within—the view-of—the—buoy- Llﬂaalsonﬁurnlshes_the;pxe—

_cision of the measurement.

—

- With the help of the R.16 program, four new files can be established:
files 14, 22, 1 and 3, the contents of which are provided in the appendix.

c. Programming of the Satellite

e

B The second part of the processing stream 1s devoted to sate111te o |
- |
programming. , |
- It allows calculation of the moments of rendezvous of the satellite with

I"the buoys beginning with their last known position from the satellite orbit |

_assuming as a first step that the balloons and the buoys are fixed.

— R T

_ This second step in the stream includee}only three basic programs which

PSR WSS

1
are engaged manually (R.14, R,15, R.17).] The R.14 program calculates the

.rendezvous of the satellite for all of the buoys known from tﬂe network |

“stations and from the orbits described in twenty-four hours. These rendeiﬁeuéuj
' T

- - !

.are stored in file 16. NASA i

- | 4 |

[ E_] _ 7
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With the help of this latter file,

=

among the possible rendezvous presented

the R.15 program makes a selection

in..the shape of a clearly written

Fage une¢ titie
~listing.
- This listing is translatedCinto Satelliit€ elanguage in file 17. File 17
| can be thelobject of a control héking additions and modifications. The in-
Lcorporation of these modifications into ithe R,17 program makes up the defini-

—_

tive data of the teleprogram.

—

The teleprogram consists of punchin

_transmission.

o

d.

¥

Out-of-Stream Programs

-

-Programs connected with surveillan

i These include the LIDIR program connecte

T

g a tape with contents to be sent to

rthe telecontrol and telemeasurement stations and set into operation with an

}écknowledgement of receipt; this provides an opportunity to guarantee correct
- !

Cover Page Source

The out-of-stream programs are of several types:

ce, security and restoration of files.

d with gu??q'file 9. It assures

b')

ey

i

control ©f all the files.

-The calculation program of the orbi

R

-These parameters are calculated fro

"by the network stations. They are revie

. of localizations,

e

-Programs connected with the scient

e

L One of these programs is represente
Ttonceived and put into operation by LMD,
:;emoves any doubt between two ambiguous
(and inherent in the.method used.

-
(" This refers to the NOUBAL and DETBA
.which can be integrated into the stream:

10, 18 and 14.N

-Programs for operating a fleet of b

rthese balloons in files

-

AS

tal parameters.
wed daily to guarantee the exactitude

ific pre-analysis of the data.

d in the flow sheet: CORRIG, a program
examines the balloon trajectories and

positions obtained by the R.16 program

|

alloons.

. programs shown-in the flow sheet,

to add or suppress entries relative to

m the interferometric measurements made
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programs.l

51te or at a terminal.

“films which can be stored, has been made p0551b1e by the VU 2000 and Calcomp

'List of the Programs of the ”Telemeasurement ‘Processing

Vlsuallzat1on of the fleet of balloons on a screen or photograph micro-

Flnally, a telex program produces: a punched tape of the daily condition
of the fleet of balloons, transferable to the various interested parties, and

.a final program allows the previous 1nformat10n to be edited at the central

"'and'"Programming:

Systems of the Satellite

i
!
i
|
|
i
!

e e e

‘R.05 Diagnosis of data quality g
| .R.02 Synchronization of telemeasurements and separation of scientific
iw telemeasurements and use telemeasurements
20 LR.Il Technological COntrolccbperéﬁﬁ%ﬁlSiﬂfgétellite and associated buoys)
.R.13 " Decommutation of scientific télemeasurements
'R.16 Localization of balloons, fide compartments, buoys....
- |
s .R.14 Anticipation of satellite-buoy; and satelllite-station rendezvous
2
"R.15- __Selection-and convexsion_of_data_into_ségeihixe_Language.
-R.17 PrOpesition of teleprogrém.
LLlSt of the "Out-of-Stream" Programs Capable of Being Introduced into the ‘
30 I_ Stream Above i
- 4
_NB ""NOUBAL" program providing the| situation of new balloons during their!
- launching '
35 rDT "DETBAL" p;pgraﬁ establishing the 1list of balloons destroyed or
i disappeared. i
%CORRIG Program to confirm removal of doubt between two ambiguous solutions. |
4o [List of Files
L9 Guide file. Can interrogate or check at any moment all of the stream
L and out-of-stream files
19 "Scientific telemeasurements' file q
k5 LlS "Use Telemeasurement' file
11 Catalog of buoys interrogated
:12 Catalog of fixed compartments
_ NASA
50 |~
. .

——
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l2 . Accumulation of observations from the beginning of the experiment
:?O & 18 Inventory of the balloonse;%nserg% e and of the balloons destroyed
' | or disappeared | as b \
-
2 L15 Summary of orbital parameters
. Titl
14 Last known position of gggh aéé& itle
FZZ Accumulatlon of successive localizations of balloons and of
o associated parameters ‘
: Accumulation in a condensed form of the position of all objects
[1 , Accumulation of the success1vé positions of the buoys associated
. with the experiments.
15116 Establishment of the possible’satellite—buoy and satellite-station
B rendezvous
17 Summary of data converted into satellite language forming the
- rendezvous program for the qext orbit. These data constitute
20 the content of the Me3538S 0N the teleprogram tape.

.III. Preliminary Results of the EOLE Experiment by P. Morel!l

b o

- Really detailed scientific exploitation of the observations made during

25 | the EOLE experiment was able to begin after a relfﬁﬁxely prolonged elaboration

iperiod which allowed errors in geographijcal localization to be Teduced and the

flimit of accuracy of this system of navilgation to| be set at about 2 -km, even

for balloons in rapid movement around the Earth. This exactitude corresponds

3C

ito an uncertainty of 0.5 m/sec for the mean wind determined for the time

£T

period between two successive passes of jthe satellite,.

In conformity with the objective wel had set for ourselves, the balloon

1T

"launching program from the three stations of Mendoza, Neuquen and Lago Fagnano
[%ermitted an almost homogeneous distribution of balloons to be put in place
“from November 1971 on in all the Southern Hemisphere latitudes, naturally

14 - . . - .
ho -excluding the tropical latitudes. After the end of the launchings, the number

“of balloons present in the vicinity of the trOplcsfprogre551vely d1m1n15hed

[;o that the major portion of the remaining vehicles is now found at latltudes

Ltlon informing us of the rate of mixturel of the '"polar'lair consituting the
g P g

.hlgher than 45°, This fact in itself constitutes the first scientific informa-

U}

VI, Associate Director of the Laboratory.

l
‘1Professor at the University of Par ris VI
50 i of Dynamic Meteorology of the C.N.R.S\ 3(National Center for Scientific
[ “ Research) . 5 3 L |
L L] S A1



. l~general western circulation with the "ty

[ driven by the eastern, trade w1ndsJ

5!_
_November 1971,

ge Ong
The tl)tal population of active balll
is decreesing at Cthe:ipTes
[ law characteristic of a random duration

.reduction found, 50% every two months, c

10

opical" air, more or less stagnant or

Title
oons, reaching 280 at the begiLning of
ent itime according to the exponential

of individual flights. The rate of

orresponds to a mean duration of

actlve flights (electronic systems worklng) of three months.

In addition it

' seems that half the d1sappearances can be attrlbuted to a d15t1nct1ve %ive

iatmospherlc phenomenon. It is found tth these distinctive phenomena are almost

Lexc1u51ve1y located in the tropical zone, more precisely in the three regions

~  {associated réspectively with the basin Jf the-Amazon, equatqriellAfrica and

Lfinally in an almost permanent stagnation zone situated between Australia and

the American contlnent The exi%%@nbékqﬁféﬁi§*ﬁhasi—stationary.pertutbation

{
L of the tropical air front was not known pefore.the EOLE experiment and will be

the object of a special climatological S%udy.

I

came 1argeuf%ough from October on to

i
(Set up daily a hemispheric map of the general circulation of the atmosphere at ]

-

25

- l

The number of balloons in flight be

“an altitude level of 200 mbars. These ﬁaps are represented essentially as a !

| series of sinuous lines, current lines, indicating the direction of flow and

Showing the limits of deviations. These| hemispheric maps allow the evolution
~and progress of these deviations Iperturbations) of the flow around the Earth

"to be followed from day to day, information obviously of great practical ;

rinterestuin pfedieting'the arrival of these perturbations at a particular point

rin the Southern Hemisphere. This information also presents a great deal of

r;cientific interest because of the relat
40 | Southern Hemisphere which makes it possi
' with simple mathematical models, Finall
Féllow the spectral distribution of.the k

- revaluated very precisely between the mea
BE
{of different wavelengths,

'

L;

lhorlzontal

‘flow of air masses allows thie
50!

ive simplicity of the topography of the
ble to compare atmospheric circulation
y, these daily maps of current lines

inetic energy of the wind to be

n zone circulation and the perturbations

_ ,l

| At the same time, prolonged study of éeverai:hundred tracers following the

I

fdirect measurement, with a precision '

}

[

Roman
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assoc1ated with perturbations of varlous

-unknown in the past, of the mean meridignal movement (ng;th-sggth)Jof the

ons,
Pac’egrfadatl

.smaller the gradation envisaged, the larger the values measured. It hps

“atmosphere and the divergence (oga%gpve:geqee% of the flow, These precise

-measurements for the first time allow quantitative study of the divergbnce

l

since on the average the

.espec1a11y been shown that the instantaneous and local values of horizontal

%dlvergence reach ten times the mean value found for a two-week period at the

réame latitude, This very poor mean diveirgence of flow is compatible with the

lextremely weak mean meridional velocities,

s

on the order of 10 km/day, which
"are established by us by following the‘bLlloons for about;ten days. It is not
surprising that such a weak mean meridional circulation has always previously
‘been masked-by the large deviations of momentary circulation. Obviously a
_much larger meridional velocitycgaefoundlln the trop1cs, at least 100 km/day,

ol g

“characteristic of the classical circulation of Hadley s cell,

Finally, the study of the random dispersion of tracers launched at the

lsame time from one station or the very acc1denta1 meeting of them during pre-

(]

rfllght_has_allowed_lhe exponent1al_law_cparacterlsmlc.of_defu51on_1n_a hori-_ .

Lzontal isotropic turbulent flow (in two ‘dimensions only) to be verified. This

*allows us to specify the rate of mixture| of a particular mass of air with the

%rest of the fluid which takes place just; as much in the diffusion of a radio-

factive cloud, e.g., as in the real dynamics of the atmospheric circulation

gkausing a sort of viscosity which dissip%tes the kinetic energy of the per-

rturbations.
-

These.very incomplete preliminary results obtained at the present time by

.the Laboratory of Dynamic Meteorology of| the C.N.R.S. are far from forming the

‘which cannot be stated clearly.

o NASA

Léntirety of the scientific harvest we expect from the EOLE experiments. We
 should indeed remember that several teams of the scientific community, in
‘particular in the United States, are participating with us in analyzing the

EOLE data and will certainly find the geirm of new ideas, the future impact of

_ L]

Even ’ Roman
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IV. The Complementary EOLE

— Localization and data colle®tién Ccorréspond to an extensive gamut‘of needs :
5 ;@essage transmission, oceanography, hydrography, meteorology, geophysics,
~cartography, topography... However, Pehie nloveFty of the sérvice offered and

:ihe-great scattering of the demand make /it indispensable to carry out ex-

0 Lploratory experiments for the orientation and conclusion of future programs,

Jhotivated by two kinds of preoccupations:
L. --one of a promot10na1 order, in order to demonstrate to potential users
[;he possibilities and performance offered by the space systems in localization

5

rand in data collection; ' l

i

B --the other of a technical order, to face all the problems raised by the

B o
~installation of such a system: the imPOfFance of jamming, problems in satellite

o SAie

2C | programming, rapid processing of 4 taFk’Pn'the‘basis of these tests it will be

-possible to orient future systems concei

S,

ved by CNES according to need.

a. The Complementary Experiments

25 L, Review of the needs formulated by users hids')led to the definition of
i
L§evera1 sorts of experiments. Among thege experi%ents we will distinguish:
| A
L --localization experiments,
. --localization eiperiments withlmessage transmission,

--localization and data collection experiments on the basis of

.

-drifting buoys,
35 --localization and data collection experiments with Earth responders.

(pms

1. Localization Experiments

e

'
.. EOLE can be used to find the lpcation of objects moving at a low

ol veloc1ty on- the globe For d1fferent reasons. people have therefore con51dered

£0110w1ng an: 1ceberg ‘and locallzlng a research Shlp /

- The French Polar Expeditions will use'a helicopter to place a responder on
an iceberg coming from Terre Adélie toward the beginning of March 1972. An

|
¢
! ‘iceberg floating northward will be chosen to prevent its early reincorporation
‘;;1nto the ice pack, and after its relncorporatlon the ice flow which shifts to

!
“-quite a degree will be followed.

SO

PR . - aa l’ ‘«'
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— The "Galliéni', chartered from 9 ngruary to 8 March 1972 by the French |

:Austral and Antarctic Lands (T.Agﬁg@.bﬁ@1¢iﬁqgm 9 April to 15 May 1972 by the
~Institute bf Global Physics, will carry jout oceanographic research cam%aigns inl
i}he Indian{Ocean. For these exggg%mquﬁwpqqqﬁ%p and frequent localization of

~the ship is indispensable.

>~ For this reason the idea.was broachled of using an EOLE responder to make

[ﬁp for the problems posed by localization in this region of the globe. The

‘heading and spgequfntherbqat will bergollected at the same time, and~§hi$'will

,
- . . . . '
' allow localization exactitude to be improved. s i
- <. 4
o 2. Localization Experiments with Message Transmission ‘
- In these experiments it is convenient to distinguish two areas of appli-
iéation:.

Cover Pa4e Source
- --commercial applications;

--scientific applications.

T
!

e ——— e e

The commercial apblications_include centralized operation of a fleet,

[

This—i-s—a matter-of eva&uating—the—}mportance-of-centraiized—operation~of-

P

I . . A e .
.-a commercial fleet with the help of message transmission providing information

[N

t about the activities and simultaneous localization of ships.

é.«
:
' -
Ltained and followed right after each rotation period.

By means of this data a very complete record of these fleets can be main-

—

This experiment undertaken with the] assistance of the Merchant Marine, of

{fhe Po§t Offiquapafféiézémﬁuniéatiqhs»Departmeﬁt and the Coﬁmiftee-qf Ship }

LBuilders, will be carried out with three{ ships of the Chérgeurs Reunis Maritime

t Company: 'Dupleix," "Forbin,' and ”Ango.r

A responder analogous to the one used on the balloons will be placed on

Leach ship. K

The experiment will begin next May after the operation procedures are

t

ested and the new processing programs verified.

L P

The purpose intended by the users is to prove that operating messages, !

P

ordinarily sent by radio, can be transhitted directly by satellites.

T

crem — . e S kT e e 4y
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— Exploitation of the results will consist of removing difficulties met, ‘1
_establishing percentages of poorptransmilssions, and evaluation of delays in

- . |
restoring messages.

~ At thF same time indication®VSf thé&Secdndifion of the sea, the winﬁ and the

_movements of the boat will be noted on board and permit\cd}relation of ,_J

o ~ | C :
the difficulties met and the environmental conditions during the broadcast. }

L J

i

Scientific Applications

T

a. Oceanographic Research

The Scientific and Technical ﬁnstitute of Maritime Fishing (I.S.T.P.

M.) is carrying out oceanographic and b#ological research campaigns for which
it needs precise localization (making of fish maps) and data trangmissiop..l
- A primary experience was carried out from 7 Panuary.1972 to 5 February |
F1972 in the Gulf of Gascogne with the I.[S.T.P.M. ship '"Thalassa.'" The

L o :
rmessages transmitted concerned the resulits of the| day's research (nature and

rEquantity of fish taken, number of tréwling Tuns).

ea

i The I.S.T.P.M. has stated that it is completely satisfied with the locali-

~zation and is looking forward to continuing these experiments from March to

;yune 1972 to the extent that the equipment can be kept on the ship until that

~time,

%—_ .

r* b. Petroleum Prospecting

:: Petroleum prospecting companies are carrying out research campaigns
—at sea by means of ships carrying a large’ amount of seismic equipment. \
— Petroleum prospecting is based on two requirements capable of being

- . .
|_satisfied by spatial means:

very precise and continuous localization,

transmission of a very large amount of data.
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— It is obvious that EOLE is not in a position to satisfy either of these
[requirements immediately. Page Oné Title
: Howeer the General Geophysical.Company (C.G.G.) interested in the

.. oot
~services rendered by the satellitesy f:%F ooking forward to an experiment to
' i

wpegln in April 1972.

The purpose of this experiment, u51ng one or two shlps, is to assure

the consistency of research operations ghanks to transmission of messages con-

o

cerning the daily evolution of the campaign.

&

L. In addition it will be possible to make a comparative study of the exacti-
~tude of localization furnished by EOLE with current means of navigation avail-

“able to the ships (Transit system).

B c. Meteorological Messagesover Page Source

i: The delay established by the World Meteorological Watch for trans-

Lmission of messages originating bh\meteorological ships is two hours, -30 minutes

:}etween the moment of observation and thiat of difﬁ&ﬁ%on in the exploiting i

~centers. In fact this margin is grossly; exceeded| and average delays of five

to six hours are frequently met with.

¥

..‘—_’-’«—-

A number of reasons clarify these delays:

1

T

First of all, the messages are| broadcast by the on-board radios. Now,

since these do not guarantee night service, findings from this period are

—

{transmitted with a delay capable of reaching twelve hours.

H {

In addition, vacation hours of coastal stations or their congestion !

e
4

-contribute to delaying transmissions. Finally, certain countries lose a high
| percentage of the messages.
%
It takes about forty-one minutes in France to receive messages at the

-Central Meteorological Center (before rebroadcasting to other centers), but

N I

"128 minutes for the N.O.A.A. center in the United States of. Amerlca or in

X

FMelbourne 198 minutes for Rome and 212 minutes for Karachi.

-

! Thus the space systems are capable bf bringing very definite improvement

e NASA .
in message transmission. Their automatigc functlonlng makes them a very handy |

o R R

I i [ :?7
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~tool, independent of any one's schedui;g

—~three sh1ps of the General Transatlantlc

and the "Anjou."

pf

3, Localization Experiments and Data Cg

-lhen are the possibilities of thegéy%temTwhich will be experimented with by

The experiment,wilbl, begln]at the beginning of March 1972,

Some statistics on meteorological message transfer time from the

of observation to insertion into the meteorological circuit:

and of the position of the ship. These,

Company: the "France,'" the "&uvergne "

moment

llection From Drifting Budys

____,.
Ui

R

—~satellite,
-
L.

This experimental principle

Laboratory of Dynamic Metegroloegyac

For Professor Morel,

L

‘ atmosphere interaction,

For this purpo

Eﬁhe—University of—British—Columbiaj—has~

Fa large ocean current. and characterizati

i and space scale,

Ten drifting buoys in the shape of

The use of drifting buoys for information collection and for localization

_is an original process under experimentation for the first time with the EOLE

Scientific Dir

;bf the L.M.D., the launching of EOLE coJ

is a response to various needs.

e Source

ector of EOLE and Associate Director
stitutes a chance to study the ocean-

se the L.M.D., in collaboration with l
1

proposed observatibn'of“the“detaiTs*of“{

t

}

on of its| fluctuations on a small time

]

a disk 2.10 m in diameter and 0.45 m

i-in thlckness made of fiberglass, serve

— ‘_.?-- —

45 2 m? submerged 30 m deep.

o

The buoys,

.
-balloons, take several measurements:

r

Scientific measurements:

Technological measurements:

five, two to three nautical miles apaa&

of follow1ng the mean shift between the

equipped with EOLE responders identical to those used in the

temperature of water at surface,

temperature difference between surface .
an

temperature in the buoy,

' ’ : battery voltage.

Ten buoys were set adrift on 2 February off Vancouver in two groups of

as current tracers by using a sail

|

d twenty meter depth,

i

The projected experiment consisted

groups and the relative distances

l ;

between—theabuoysﬂof—one—grouy.

[18
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— French Austral and Antartic Lands

~L.M.D. to study the sub-Antarcti@véonVergencé

;@here.the water dynamics are not well known:

-~ The T.A.A.F. AdministrationPawhiéh§conducts oceanographic research in the

j?ndian Ocegn, wishes to use eight buoys |similar to those developed by rhe

-around 20 March 1972 and their successive trajectories will be followed.

- National Center for Ocean Exploitation (CNEXO)

~re51stant to shock great stability.

-of permanent operational networks.

This type of buoy offers several advantages

%~ The CNEXO has had a light drifting bpuoy developed for the purpose of serv-

1ng as a collection station for oceanographic or meteorological data.

|

~ Cover Pade Source
= Their low mean velocity and their service life,

:énchored buoys, allow consideration of their use in forming the basic elements

{

l2long the Kerguelen Plateau,

the buoys will be set adrift

simple to put into operation,

greater than those of

- The malntenance cost of such a network is theny'tangibly less than that of
. - . L.

-

A double experiment will be carried

r' .a drifting buoy, which an attempt will be made to recover, will be

-

’évaluation_ﬁhox(

|

out withlEOLE:

set adrift in the Gulf of Gascogne in March or April 1972,

_ a buoy anchored in the Brest Roadstead will serve as a technical

The N.O.A.A, wishes to carry out an

.five or six drifting buoys which will be

L@eriment has not yet been completely defined,

National Oceanic and Atmospheric Administration

oceanographic experiment by following

put into the Gulf Stream.

°

i” - Ministry -of Agriculture, Fisheries and Food of the .United Kingdom /

This ex-

The Fisheries Laboratory of Lowestoft is carrying out research on the

#flshlng resources of the North Sea and of the Atlantic.
i NASA

L

L | ]
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- Two separate experiments, based on Fhe use of buoys supplied with a very
deeply submerged sa11 _system (1 000 meters)‘W111 allow correspondlng masses of -
‘water to. be followed. l

\)r\'/ Jv

F The f}rst experiment was td'® P24 thid lénd of April 1972 in thelNorth

Sea with;eneubugy. . \

S

The second experiment would put two buoys into operation in the Gulf

-Stream at the beginning of May 1971.
b= Australian Meteorology !

- 1

- Australian meteorologlsts and oceanographers are’ also looking forward

to setting up operational networks[ef 11ght drifting buoys collecting oceano-

lgraphlc and meteorological data. | g

Cover Page Source
- A responder would first be tested on the ground, then on a boat, before

ol 1 1

eing placed on a drifting buoy. This éxperiment has not yet been purposely
defined.

‘_—‘T_

f

4, Experlments in Data Collection by| Ground_ReSponders

— There still remains an era of privileged application of space resources:

{Ehat of collecting and centralizing hydrological,'climatological and meteoro-

[Jogical'data.

Such a system is of particular interest to countries where the internal

telecommunication network is insufficient or whenever complete automation of

Féata collection and processing over a large geographic tract is indispensable

for insertion into forecasting models,

I

!
Several countries have shown their interest in the Complementary EOLE

-
rprogram.

— Argentina will put into operation three responders collecting measurements

'of precipitation, snow depth and flow of{water courses. The responders will

-also be able to take meteorological parameters (temperature, pressure, humidity,

wind) ;

Brazil will use four responders fordsimilar experiments; .
3

A . L i} e P A e ]
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- India will put into operation four responders to collect meteorological

| data; Page Onz Title !

Italy jwill carry out two experiments: one with two responders foritrans—

-mitting meteorological data (temperatuYe'e pressure, humidity, wind) and a
i £p , Y, ,

— . ) . N .
second, also with two responders, to collect meteorological and oceanographic
rdata for scientific purposes (the establishment of oceanographic and meteoro-

[ .
 logical forecasting models in the Adriatic).

Within the framework of Complementary EOLE experiments, CNES has proposed
-
~to explore the principal areas of application of the space systems for localiz-

ing and collecting data.

I
The p0551b1e users have given a very wide response to the offers of CNES

-

-

to go on with tentative experiments: lﬁéggp q}menters will put into operatlon l

57 responders for 19 different experiments.

1

B. Needs for Localization and Data Collection: Economic Expectations

—

i ‘At the demand of CNES, the Bureau of Economl?(lnformatlon and Forecasts

_(B I"P.E.) has made a study of the market for needs of Tocalization, collecting .

1and distributing data.

Out of about 100 organizations queried, about fifty have responded favor-

tably to the questions put to them,

.. General Remarks

The inquiry refers to French needs for the years 1971-1975-1980. Thanks

-~
1
-

.to the information given by the users, it has been possible to make an estimate

©f needs on the world level,

{: The costs expressed include the investments which the users would be ready
to devote to the satellite systems and their operating expenses.

- For localization the unit is the bu&y point or month, i.e., one month of

ct1v1ty of one buoy This unit was chosen in order to be able to treat all

(T

users disposed to rent or buy buoys in the same way.

————

NASA

In the latter case, we count twelve|buoy months per year and per buoy
ught %

7677"7

| e _—
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- The unit for data collection is thﬁibuoy.
— The totality of needs expreé?%ﬁafgbrég%ﬁk% the potential market for locali-
5] zation into data collection. Still, since this volume of needs does not cor-
-respond to|the real market of a SutF1THHE syste, they are proceeding at the
L. 4 '
 present time with an economic study to determine the performance-cost ratio
10 yand concurrent systems.
_ 1. Needs for Localization in Order off Decreasing Precision: World Estimate: | /24
- 1980, \ | |
?jl"t o
» TABLE 1.
{
. Precision: 1 m to 10 m (fixed point)
20— CoverLDaceCavrees
_tbisciplines Number of points/yr " Market value (MF)
Petroleum 1,500 x 4 = 6,000 | 32.25
2 |Geodesy 480 x 20 = 9,600 '(4') 35.70 P
‘Topography ‘ 6,500 x 30 = 195,000 i 340.00
~Cartography 240 x 30 7,200 36.00
30 | Glaciology ~ 20 x4 = 80 0.40 !
N - - R I
| ‘ !
B Total 1980 8,7000 24 = 216,000 points 444 MF
350~ . Average net cost per point 2,000 F/point
L
-
L Each discipline includes several activities and each activity includes
40 several users.
.
— The second column represents the number of localization points requested
[Ey the French organizations and societies multiplied by a coefficient for
b5 ;extrapolating from the national market to the world market.
{~ The third column is the value of thée world market corresponding to the
[&olume of the world demand expressed insthe second column.
50 | |
| i ) . ; o

o e -

(o = —

Even Roman 0dd



i - *

-~ TABLE 2. PRECISION: 50 m {MOVABLE POINTS)
- . . P 2 Tit
i Activities Nuﬁggrogi Bdo;g/Months Market %allue

5. | ;
- PetroleLm ChlarxPsce Titls70 18.%0 MF
| Hydrography 12 x 10|o = 1,200 - 45.00 MF

1o | Oceanography 50 x 27 = 1,350 44.30 MF
I Total 1,980 176 17.5 = 3,120 months/buoy/year

5 107.80 MF
I Mean net cost of a buoy month 36,000 F

20 F- This type of need includesCEQ%rrg%%%sgoﬁqgelocalization of research ships:
t@ceanography, hydrography and seismic prospecting ships at sea (detailed
.studies). For these various sectors the precision desired is continuous by
:?O m or about 10 m every half-hour or three-quartlers of an hour with a means

25 r-of reckoning. ' (4')

30

4

vt
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L‘ thal 1,980

= TABLE 3. PRECIS%ON: 100 m to 1,000 m
~Activities NﬂmbeﬁnéfTBﬁGy Market value
— P month%/year
-Petroleum Cogex @aJe=Ti232 11.6 Mﬁ
"Fishing: search vessels 15 x 10 = 150 1 Mﬁ
-Cable layers 15 x 201 = 300 10 MF
f?olar expeditions | | ‘
_ (expedition vehicles) 2 x10}= 20 0.8 MF
—-Coastal navigation:
i: Fishing 280 x 251 - 7,200 30 MF
~  Commerce 700 x 25| = 17,200 71.65 MF
" 0il vessels 70 x 25 | = 1,720 7.16 MF
F‘ . Cover Page Source

26,800 mn 132 MF

.

'Mean net price of a buoy]month: 5,

]

000 F/buo& month.

(4

-

“and commercial ships and for oil vessels

..needs for seismic prospecting at sea appear to be of secondary importance

["(wide reconnaissance study).

Jon

The first category of need is actua

-

=

importance of concurrent.systems. Since

Hy

-.other may remain at a very low use cost.

= ———

-
i

r

However, we have made a very pessiﬂ

-

.-in 1971 or 600 buoy months with a growth

(A R

i
.

- NAS

Most of this market corresponds essentially to the request for fishing

for coasFal navigation, Localization

11y the most random in view of the -

the latter are not entirely satis-

actory at present, they can be improved on the one hand by 1980 and on the

istic estimate of needs by considering

only the most automated ships of the fleet (50 ships of the commerical fleet
rate of 2% or 700 buoy months in 1980.

“odd

]




Ei TABLE 4. TOTAL| MARKET 1980. l
, R ‘ |
1 Titl
"Precision National Marketoneg 't Sor1d Market | %
5| . . Nat. mkt.
- Quantity fﬁfiff 1 Quigflty Prlce Wbrld nkt .
-1 to 10 m! _ 9,000 | 22 MF 1| 216,000 p |444 MF | 5% f
- points : |
1A ?"
e —50 m 176 buoy/ 6 MF 3,120 - | 108 MF 5.5% i
- : months buoy/mos .
[:100 to 1,000 m 1,150 buoy/ 8 MF 26,800 7| 132 MF 6.25%
[ months \ buoy/mos.
R :
Y -
l .
., Grand Total 9,000 points 36 MF} 216,000 p 684 mF 5.25%
'L 1,316 buoy-months 30,000
20|~ Cover Page SourQRy/mos' |
'2. Need for Collecting and Transmittingi Data
oe ™ The needs are divided into three areas: scie%tific, technical and commerci%l.
t2 I‘;. - (] ]
! — . S——— e e e ]
i_ This classification emphasizes the different|uses of a locallz%tlon and |
i"data collection system. ’ : !
{“ .
30?” In the first table where collections of messages of low volume are !
Lestimated with the exception of swell mLasurement) the needs correspond to
] i
the possibilities provided by a system of successive satellites. |
?
35 |7 In this regard it should be noted that the number of stations which could |
- ' !
icarry out data collection at the present| time are still manual. Their automa-
“tion can be anticipated after a period which will be a function of technical l
Lo progress and of financial resources availlable, '
b ’ 1
| The needs shown in the second table seem to refer more to the geostationarﬁ
~satellite area. |
45 17 These forecasts give a general idea| of the market for 1980. But they must
Lbe considered with prudence, since the present systems technologically limit i
~“the categories of use for data collection.
NASA
50 i
e — )
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esources,

Therefore it is difficult .to ver1f¢ prec1se1y the future volume of the

F@emand which will definitely depend S9PRR the jadequacy of the technological

Cover Pa%e Title
ESTIMATE OF WORLD NEEDS IN 1980

Hydrologlcal, oceanographic and meteorological data collection

Number of buoys in service

- Annual world market value (MF)

i £ AT i e AR it DR, ', e Sttt . =

" Hydrology: 10 to 30 bits/message, 1 message about i
i 6 times a day '
rn 40,000 44

- Oceanography: low volume 150 to 400 bits/message 2 to 4 times
~ Cover Page SREEeY
. 300 45 -
-
B Large volume; of information:
- '6-105 (swell measurement)
- (Atimes per day )
- 300 15 |
b Meteorology: 250 to 4,000 bits/message 4 times/day !
{ |
“ 5,000 12.5 |
E— . |
_ Climatology: 50 to 250 bits/message j
- |
4,000 10 ‘

I
- - |
%ﬁ Total: 49,600 buoys _— 126.5 MF ,
I_
.
|
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2. TRANSMISSI

{

ON OF DATA ALONE

i

1

In line with these forecasts the ma

— Page One Title

— Daily|volume of Number of buoys Annual markkt

o information (bits) in |service volume -(MF)

gt Cover—FareTitiE i

) e N

= A Seismic prospecting .at sea ‘

i-' - ,v‘_._ —_— l . - ———

B 5 .10° 35 7

L Seismic prospecting on land

- 2107 200 25

. |

: Various (seismology)

_ 4-10% to 10° 20 tg 30 3 to 4.5
Covar Pac¢e Source

-

B Total: 35 to 136.5 MF

rkets for (Lo'¢alization and for data

j?ollection appear under two aspects:

T~

~Lthe market for localization is or

[vices are quite extensively commercializ

L?airly well satisfied by existing system

T

--on the other hand, the market for

L— -
most of these cases it is a matter. of sc

-area of public interest, For this last

-widespread users with objectives not aimed directly at commercialization.

ganized around large users whose ser-
ed and whose needs on the whole can be

S 3

data collection particularly concerns
In
ientific organizations or those in the

category of users needs are still only

| partially satisfied.

A better definition of the objectives and technical resources to put into

o

——

L

LTranslated for the National Aeronautics

operation would lead to an increase in demand.

rNo. NASw-2037 by Techtran Corporation, P

and Space Administration under contract
. 0. Box 729, Glen Burnie, Maryland

r21061, translator: Lawrence W. Murphy, Ph.D.
- NASA }
|
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